This work presents the results of studies on bacteria Bacillus subtilis which was grown at dierent temperatures. The experiments were carried out using X-ray photoelectron spectroscopy and scanning electron microscope equipped with cryo-chamber, which gives the possibility of testing biological samples in a frozen state. These methods enabled receiving images of surface topography of the bacteria and demarcated their chemical composition. After deconvolution of the lines C 1s and O 1s information concerning the intensity of the various functional groups in the bindings presented in the cell walls surface of tested strain and reallocation in relation to the temperature of incubation was obtained. These changes are visible in the form of an additional peak in both the C 1s and O 1s in bacteria cultured in suboptimum temperature.
Introduction
The outer surface of the bacterial cells is very impor- Understanding these complex interactions requires detailed knowledge of the elemental, molecular, and structural composition of the cell surface, which is obviously dierent from the bulk of the cell wall [2, 3] . Therefore an object of the study was to monitor chemical changes in the surface of the cell walls of the bacteria by means of modern physical techniques [4] .
Experimental
The gram-positive bacterium Bacillus subtilis was used in the present examinations. They were cultured on agar Elemental analysis of the bacterial surfaces was made. Table I . The atomic ratios O/C are higher for the bacteria grown at suboptimal temperature and can be related to the presence of a slime layer surrounding the cell wall.
These ratios are consistent with the literature data [5] . was observed. It was also associated with the suboptimal growth temperature (Fig. 3) . The line of carbon and oxygen are divided into dierent functional groups which is shown in Figs. 2 and 3 . In Tables II and III 
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O=C ( C, that is the optimal temperature for Bacillus subtilis can be seen that the surface is smooth, as they are capsular strains when grown on solid medium. The length of these bacteria is 3.8 µm while the thickness of about 0.6 µm (Fig. 4) . In the bacteria cultured for 48 h at 20 • C (Fig. 5) this area of the cells is rougher and the length of cells is reduced by about 1 µm (the average length of 3 µm and thickness 0.9 µm). Measurement uncertainty for the length determination is 0.05 µm.
Conclusion
In this paper we discussed the problem of the surface morphological and chemical changes in cells of Bacillus subtilis under the inuence of dierent temperatures incubations. The length, thickness and smoothness of the surface of the bacteria grown in the optimal temperature are dierent than at a sub-optimal for that species of bacteria. Also, the electronic structure is dierent, and the deconvolution lines C 1s and O 1s in bacteria grown at temperature 20 • C revealed an additional peak. Its intensity was about 6%. This is due to immaturity of the cell wall surface. Presence of the additional lines indicates that the temperature is one of environment of the main factors aecting the chemical composition of the bacterial cell wall surface [7] .
